We present a novel concept for a highly sensitive, medium spectral resolution optical through near-IR spectrograph. KIDSpec, the Kinetic Inductance Detector Spectrograph, uses the intrinsic energy resolving capability of an array of optical/IR-sensitive MKIDs to distinguish multiple orders from a low line-density (echelle) grating. MKID arrays have a wide bandpass (0.1-2.5um) and good quantum efficiency, making them strong candidates for replacing CCDs in many astronomical instruments. By acting as an 'order resolver', the MKID array replaces the cross-disperser in an echelle spectrograph. This greatly simplifies the optical layout of the spectrograph and enables longer slits than are possible with cross-dispersed instruments. KIDSpec would have similar capabilities to ESO's X-shooter instrument. It would provide an R=4000-10,000 spectrum covering the entire optical and near-IR spectral range. In addition to a 'long-slit' mode, the IFU would provide a small (~50 spaxel) field-of-view for spatially resolved sources. In addition, the photon-counting operation of MKIDs and their photon-energy resolving ability enable a read-noise free spectrum with perfect cosmic ray removal. The spectral resolution would be sufficient to remove the bright night-sky lines without the additional pixel noise, making the instrument more sensitive than an equivalent semiconductor-based instrument. KIDSpec would enhance many existing high-profile science cases, including transient (GRB, SNe, etc.) follow-up, redshift determination of faint objects and transit spectroscopy of exoplanets. In addition it will enable unique science cases, such as dynamical mass estimates of the compact objects in ultra-compact binaries.
Introduction
Microwave Kinetic Inductance Detectors (MKIDs) are a novel superconducting detector technology 1 that promise to revolutionize many areas of astronomy. In the important UV/Optical/IR (UVOIR) regime each pixel has the ability to deliver read-noise free, low-resolution spectroscopy. The advantage of MKIDs over similar superconducting detectors, such as Super-conducting Tunnel Junctions devices (STJs 2 ) and Transition Edge Sensors (TESs 3 ) is that they can be easily multiplexed into large arrays. Current MKIDs arrays contain a few thousand pixels, with the capability to increase to mega-pixel arrays. The current arrays are already more than an order of magnitude larger than the largest equivalent UVOIR TES 4 or STJ 5 arrays used for astronomy. These capabilities enable a broad range of unique science opportunities, including high through-put integral field spectroscopy, hugely multiplexed (>100,000) low spectral resolution spectroscopic surveys (Giga-Z 6 ) and dark-speckle exoplanet direct imaging 7 . In this paper, we focus on another unique application, which is the use of the moderate native energy resolution of MKIDs to distinguish the orders of a dispersive element, such as a grating. This concept was initially presented for the case of STJs 8 , but here we present the application to MKIDs, showing the current possibilities and the range of possibilities for the near future.
KID operating principal
The operating principal of a Kinetic Inductance Detector is described in detail here 9 . In summary, in a KID each pixel is a resonant circuit containing a capacitor and an inductor. The inductor in a KID is made from a superconductor and has an additional impedance to an AC current in the surface of the superconductor. This current is carried by the Cooper pairs (loosely bound pairs of electrons) and energy is stored in the form of the kinetic energy of these pairs. When a photon is incident on the KID, it breaks Cooper pairs creating so-called quasi-particles in the superconductor. The addition of these quasi-particles changes the surface impedance of the material and it is this change of impendence that can be measured as a change of resonant frequency and/or a change of dissipation of the resonator. The key factor is that this change in resonant frequency depends on the number of Cooper pairs broken (or equivalently the number of quasiparticles generated). As the energy required to break a Cooper pair is typically much lower than the photon energy, each UVOIR photon generates many thousands of quasi-particles. A probe signal at the resonant frequency of the pixel (this is typically 2-8 GHz, hence the Microwave in MKID) can be used to sense this change as a change in the phase of the probe signal. The magnitude of this phase shift is then directly related to the number of quasi-particles and hence, the input energy of the photon. As the quasi-particles recombine with a characteristic timescale of 10's of microseconds, we see this as a fast-rise-exponential-decay profile. The accuracy to which we can determine the height of this pulse determines the accuracy to which we can determine the energy of the incident photon and hence the energy resolution of the detector. This also explains the energy dependence of the energy resolution, as a photon with half the energy will generate half the quasi-particles and hence the signal-to-noise will halve for a given noise level. The accuracy to which we can determine the start time of the pulse determines the accuracy of the photon arrival time. The recombination timescale for the quasi-particles determines the maximum photon rate, as you need to distinguish the individual photon profiles. The key advantage of MKIDs over other superconducting detector technologies is the fact that we can engineer the resonant frequency of the pixel. By careful microwave engineering we can have many pixels on a single microwave feedline and hence address many pixels at the same time. This frequency domain multiplexing allows us to build arrays of many thousands of pixels with little or no cold electronics.
Status of the technology
Much progress has been made since the initial operation concept was presented. There have been advances in resonator design, materials used and perhaps most importantly for UVOIR astronomy in, the size of the arrays. In 2011 we went on sky with ARCONS 10 , a 1024 pixel UVOIR MKID camera at the Palomar 200-inch telescope. This was the first UVOIR MKID instrument and has performed scientific observations in the field of pulsars and compact binaries, amongst others. It continues to be the only MKID instrument but has since been upgraded to a 2024 pixel array. The headline characteristics of the ARCONS arrays is summarized in the Whilst ARCONS demonstrated the capabilities of MKIDs and has performed interesting, unique observations in its own right, it was designed as a demonstration camera and has enabled us to identify several instrument concepts using the unique characteristics of MKIDs to address specific scientific questions.
KIDSpec
One of the instrument concepts we have investigated is that of a wide passband, medium spectral resolution spectrograph. The science cases for such an instrument range from dynamic observations of interacting binaries, supernovae and gamma-ray bursts, to observations of the absorption lines in the spectra of high red-shift quasars. This is much the same as the case for X-Shooter at the VLT, which has quickly become one of ESO's most over-subscribed instruments. In the Figure below from the X-Shooter user manual, we can see that the near-IR arm of X-Shooter is a fairly standard cross-dispersed Echelle spectrograph, using prisms in double-pass to provide the cross dispersion. There are 29 surfaces between the entrance slit and the detector. 
KIDSpec concept
The concept for KIDSpec is summarized in the following points:
 Dual-arm (Vis+IR) spectrograph, with echelle grating in low order (<20) to achieve spectral resolution of 5-10,000  Cross-disperser is replaced by energy resolution of MKIDs  Photon counting detector allows for excellent background subtraction  Combined with an image slicer, could give Integral-Field Spectroscopy
KIDSpec spectral format
In order to show the potential of MKIDs for such an instrument, we have investigated a number of potential grating parameters that would satisfy the requirements for KIDSpec. We have also considered what is possible now and what increase in capabilities is required to realize the full KIDSpec instrument. These are summarized in the following sections.
Single MKID array
In this concept we have chosen to use a single MKID array to show what would be possible in the simplest configuration. The MKID has an energy resolution (λ/Δλ) of 50 at 400nm and is a linear array of 8000 pixels. We have used a grating with 100 grooves/mm in Littrow configuration with an incidence angle of 18.6 degrees. As can be seen in the figure, by using low orders, many of the pixels have light from only a single order, which is not an optimum use of the MKID array. As identified by Cropper et al. (2003) , the maximum order you can use is related to the energy resolution of the MKID at the wavelength in that order. This is in order to be able to separate the light from one order relative to the next to avoid confusion in the energy of the incident photon. This is shown graphically in Figure 1 . 
Dual-arm MKID array
In order to improve the final spectral resolution of the instrument, or equivalently to reduce the number of MKID pixels required for a given spectral resolution, it is possible to use a dual-arm spectrograph. This enables the fabrication of the device to maximize the signal-to-noise and hence the energy resolution of the array at two separate fiducial points. The advantage of this is that the energy resolution of the second fiducial point can be tuned so that instead of falling linearly with energy, it falls as the square-root. Thus, if one array has an energy resolution of 50 at 400nm, the second array could be tuned to have an energy resolution of ~35 at 800nm, instead of 25 in the case of a single MKID array. This also allows you to optimize the grating for this second setting. The optical grating was 115 lines/mm and the IR grating 120 lines/mm. The design uses two 2500 pixel arrays to deliver a final spectral resolution of R=10,000. 
Current generation MKID array
However, as mentioned in the table of MKID characteristics, the achievable energy resolution of MKID arrays at present is R~8. Figure 7 and Figure 8 show the characteristics of the spectra on an MKID array with the same characteristics of the current ARCONS array. The grating used has 110 lines/mm, an incidence angle of 5.6 degrees and the MKID array had 4000 pixels. The final spectral resolution delivered was 2500, which remains marginally suitable for our concept and would improve if we remove the requirement for the K-band. 
2-D MKID arrays
In the previous concepts, we have only considered 1-D (linear) arrays of MKIDs. However, the multiplexing scheme of MKIDs is not limited to linear arrays. The second dimension in these arrays can be thought of as spatial pixels in much the same manner as a long-slit spectrograph, or the small slit length of X-Shooter. However, unlike cross-dispersed spectrographs there is no intrinsic limit to the length slit. This means that the number of spatial pixels is in theory only limited by the size of arrays that you can produce. Thus a megapixel array in the dual-arm KIDSpec concept would allow 200 spatial pixels (spaxels). These could either form a long slit spectrograph, or be used with an image slicer or lenslet array in an integral field spectrograph.
Summary
MKIDs are a disruptive technology that has the potential to transform many areas of UVOIR astronomy. They offer zero read noise, low dark current, broad pass-band, photon counting observations with the ability to detect the energy (to a few percent) and the arrival time (to a microsecond) of the arriving photon with good quantum efficiency. This unique combination of capabilities is enhanced by the ability to fabricate the detectors in large arrays due to their natural frequency domain multiplex scheme. In this paper, we have investigated the characteristics of a novel second generation MKID instrument that uses the intrinsic energy resolution of the detectors to separate the orders of an echelle spectrograph, thus removing the need for cross dispersing optics and many of the optical surfaces in a more traditional cross-dispersed spectrograph like X-Shooter. We have shown what is capable now and what might be capable on a timescale comparable to the timescale for the development of the upcoming ELT (E-ELT, TMT & GMT) instrument suites, most notably the ELT-6 instrument slot.
